INTRODUCTION
The deployment of a lasting solution disposal facility is a major concern for both present and future nuclear applications. When assessing radioactive waste disposal options, factors such as waste volume, waste classification, size of nuclear program, reactor lifetime, plan sustainability, timeline, compliancy with national policies, human resources, and public perception should be considered.
Disposal is the final stage in radioactive waste management, the purpose of which is to isolate wastes from the biosphere into respective repositories until radioactive decay renders them non-hazardous. Appropriate selection of a disposal option is important in terms of economics, efficiency, and safety [1] .
When planning a disposal program, facilities need to be commissioned in time in order to provide the required disposal capacity. The implementation plan should clearly define milestones for technical activities consistent with the anticipated waste generation.
The disposal options that have been suggested and prioritized for selection in this study included: on-site storage, international storage, direct disposal, deferred disposal, shared disposal, and near surface disposal.
Kenya plans to become the 2 nd African nuclear power generation country after South Africa. The country intends to run a nuclear power programme comprising 4 units of 1GWe each from 2022 through 2031.
The nuclear power program will inevitably generate wastes that are hazardous to human health and the environment, and therefore a reliable radioactive waste disposal facility is a necessity.
The purpose of this paper was to deploy a disposal option for LILW wastes with the introduction of nuclear power plants for Kenya. This study is important as an initial implementation of a national LILW disposal program for newcomer countries.
Future radioactive waste is expected from nuclear reactors, oil exploration, radioisotope and fuel production, and research reactors. Table 1-1 depicts both current and future radioactive waste.
Classification Of Radioactive Waste In Kenya
Kenya follows the guidelines of the International Atomic Energy Agency (IAEA) regarding the definition and classification of radioactive waste. Based on the IAEA guidelines, radioactive wastes currently in Kenya are classified according to their levels of radioactivity, half-life, and potential risk they pose for technical and safety purposes. But for the purposes of this study, LLW and ILW are combined together as LILW.
KENYA'S NUCLEAR POWER PROGRAMME
The Kenyan nuclear power program development agenda is anchored by the vision 2030 aimed at creating a globally competitive and prosperous country with a high quality of life and transforming Kenya into an industrialized, middle-income country through the provision of high quality life to its citizens.
The vision is anchored on three key pillars: economic, social, and political bases. Energy is one of the infrastructural enablers upon which the economic, social, and political pillars of this development will be built. The need for nuclear energy was initiated by the rising demand for power in the country due to accelerated investment in the economy. Kenya's energy demand has been on a consistent rise in recent years and it has become imperative to diversify the country's energy sources to meet this demand [3] . The pie charts below depict both the current and future energy mix for Kenya.
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The Ministry of Energy proposed the use of nuclear energy for the purposes of electricity generation in the draft national energy policy. The least cost power development plan (LCPDP) also recognized the need for inclusion of nuclear energy in Kenya's energy mix. The LCPDP forecasts that the country's peak electricity demand will be over 16,905 MWe by the year 2031, requiring an installed capacity of 21,620 MWe for industrial, commercial, and domestic use.
According to the LCPDP, the first nuclear power plant of capacity 1,000 MWe is expected to be commissioned by 2022. Nuclear Materials (CPPNME) [4] .
NUCLEAR WASTE GENERATION
Nuclear waste is generated through the use of nuclear energy for power generation through mining and milling of uranium, operation of NPPs, and decommissioning of nuclear facilities. Nuclear power generation is responsible for the production of various types of radioactive waste.
The low-and intermediate-level waste (LILW) in this study is generated as a result of reactor operation and decommissioning. For the sake of this work only LILW waste from operation of nuclear power plants is considered.
Generation of waste is subject to changes over time as a consequence of differences in economic and social situations. Waste volumes generated per unit energy over the years have been continuously reduced, due to technological advances and the increasing costs of unit waste disposal, and this has to be taken into account in estimating future waste production.
The most common types of low-and intermediatelevel waste (LILW) streams arising from the operation of nuclear power plants are spent filters, charcoal absorbers, spent resins, combustible dry active waste, non-combustible dry active waste, and borated liquid concentrate (evaporator concentrates, ion-exchange resin, slurries, sludge, filters, oils, solvents, and filter media). Fig. 7 illustrates the waste flow streams as they accelerate from generation through storage and disposal (cradle to grave).
When an average waste production for a particular reactor type is assumed, then multiplying it by the cumulative power generated by that reactor type allows a reasonable estimate to be made of the waste amounts generated. Adding up the waste generations of the various reactor types can then produce a national inventory of waste generated by reactor operations.
In this section, Korean inventories of radioactive waste generated by operation of nuclear power plants are estimated for the categories low-and intermediate-level waste (LILW) to enable the development of waste disposal facilities for newcomer countries.
How much waste can one expect from a nuclear power programme? In order to answer this question, it is necessary to assess the volume of radioactive waste generated from a specific nuclear power plant for a period of time. To do this, three case studies were considered.
Waste volume generated from Korean nuclear power sites were considered with greater emphasis placed on the Kori site followed by waste generated by the entire Korean nuclear power program from 2007 to 2012 and final waste generated from a specific nuclear power reactor, the APR 1400.
The number of drums of LILW expected from a nuclear power programme was computed by analyzing the radioactive waste inventory from a sample of Korean nuclear power reactors from three nuclear power plant sites (Hanul, Hanbit, Kori, and Wolsong) from four LILW waste streams. Low-and intermediate-level waste (LILW) types such as dry active waste, spent filters, spent resins, and borated liquid concentrates are summarized in table 3-2 for three Korean sites.
Assuming an average number of drums per reactor, and then multiplying this value by the reactor's operat- ing years, allows a reasonable estimate of the number of drums generated by the reactor's lifetime. Then summing up the waste generated by the number of reactors provides a national inventory of all waste drums generated by the whole national nuclear power program. To estimate the total waste generated, it is assumed that the production number of drums is constant throughout the operation years and should apply to both past accumulations and future waste production.
The average number of drums generated before 2000 by the waste streams data from the four sites was found to be around 200 drums per reactor year. This value is not sufficient to project waste arising from a nuclear program today because it is produced from old data that dates back to the 19 th century. It cannot give a good estimate for the 21 st century due to technological advancements and improvements in operation and maintenance safety culture.
It was therefore necessary to use the most recent waste arising data from Kori NPPs from the years 2008 -2012. The Kori nuclear power site has 4 nuclear power units (Kori units 1, 2, 3, and 4). Using the operating history of the four nuclear reactors, it was possible to assess the actual volume of waste generated from 2008 through 2012.
The actual waste arising from Kori nuclear power plants was assessed by using the GWe-years operating history, and the results are depicted in fig. 8 .
The average number of drums per reactor year was found to be 150 f 200 drums at the Kori nuclear power reactors. This value provides the most recent data for a good projection. But there is still need to consider a specific reactor type instead of using a generalized case.
Thus far we have been considering waste generation in a generalized case, which is not feasible. In order to obtain a good estimation of future projected waste generation, it is necessary to consider a specific reactor technology and reactor type, respectively.
Let's consider PWRs that are being used in Korea today. There are 19 PWRs in Korea as of June 2013 at four nuclear power sites. An analysis of LILW radioactive waste was done on PWRs reactors between 2007 and 2012 and the results are tabulated in table 3-3.
The average volume/GWe-yr for the PWRs was analyzed to be 56 m 3 . The volume has been gradually reducing from 2007 to 2012 due to technological advance- Average drums / reactor year 212 fig. 9 . This value is a generalized case from PWRs and therefore is not feasible to estimate waste arising for a nuclear programme.
APR 1400 REFERENCE REACTOR
The previous work only considered a generalized case of waste estimation from pressurized water technology.
Let's now consider a specific PWR reactor, the APR 1400, to estimate actual waste generation.
The Advanced Power Reactor (APR1400) is a stan- 
Radioactive Waste Management
The radioactive waste consists of gaseous, liquid, and solid waste. The gaseous radioactive waste is mainly generated from degassing of the primary system and ventilation systems for the radiation controlled area in the APR 1400 reactor.
The liquid radioactive waste is mainly generated from the cleanup and maintenance processes of the reactor coolant and related systems containing radioactivity, whereas solid waste consists of dry active waste (DAW) and secondary process waste.
Dry active waste (DAW) is generated during maintenance and repair of contaminated systems and individual items such as used parts, papers, used clothes, gloves, shoes, and so on. Secondary waste is generated from the liquid and gaseous radioactive waste treatment system and includes concentrated wastes from evaporators, spent resin from demineralizers, and spent filters from liquid purification system of the reactor [5] .
The waste also comprises primary and secondary coolant concentrations, concentrations of radioactive fission products, radioactive crud, H-3, C-14, radioactive effluents, leakage sources, and fission and corrosion products.
The Waste Management System consists of a Liquid Waste Management System (LWMS), Gaseous Waste Management System (GWMS), and Solid Waste Management System (SWMS), designed to protect the plant personnel, the public, and the environment from the impact of radioactive materials [5] .
The reactor is designed to ensure that radioactive waste released to the environment is below the limits prescribed in both the Korean Regulatory Authority and USNRC regulations. The components and structures of the reactor are designed with appropriate safety margins so that radioactive releases do not occur.
Estimated Waste Arising For APR 1400
The yearly estimated waste of the APR 1400 has been developed by averaging past recent disposal data of the United States' actual operating nuclear reactors that apply similar waste processing systems. The estimated wastes include gaseous, liquid, and solid waste.
These estimated waste data have been used to project estimated waste arising for the Kenyan nuclear power programme. The estimated waste arising for both APR 1400 and Kenyan for two forms of radioactive waste are depicted in tables 4-2 and 4-3. The waste volume for a 1 GWe power plant for the Kenyan program has been estimated to be 34.891 m 3 (175 drums) per reactor year. This figure is good enough to be used to estimate waste arising from the Kenyan program because it represents the most recent data.
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Utilizing the value of 175 drums per reactor year, Kenya is likely to generate 3,500 drums (700 m 3 ) of LILW for the first 10 years of operation, 10,500 drums (2,100 m 3 ) after 20 years of operation, and 35,000 drums of 200 /drum (7,000 m 3 ) by the end of the program. The full generation trend is tabulated in table 4-4.
DISPOSAL ALTERNATIVES OF SPENT FUEL
The final destination of radioactive waste influences the waste management strategy to be followed.
The IAEA assists in international storage, which is not against international treaties and conventions. It is suitable for countries with small nuclear power or with no nuclear programs but with research reactors.
Spent fuel can be stored in cooling ponds at reactor sites to remove the heat generated during radioactive decay and allow the station to operate while disposal options are considered.
Extended storage provides radiation protection and allow the station to operate while methods for further waste minimization are pursued. This concept is also suitable for new entrants.
Wastes can be stored as packaged waste for an indefinite period of time in a retrievable condition where future generations would decide on the requirements for re-packing, rebuilding stores, and final deposition of the wastes. Spent fuel can also be disposed of directly to a repository. This approach is suitable for states with many NPPs with operational experience, stable geological conditions, and adequate human resource [1] .
Deferred disposal is also adopted because it facilities predisposal, allows economic waste processing, and decreases high level waste packages, and also due to national preference for surface storage.
Shared facilities allow states to share dedicated facilities and decrease waste disposal cost [1] . A centralized storage facility is more economical than an individual site because it requires a smaller workforce.
LILW REPOSITORY PROGRAM
The selection of appropriate radioactive waste disposal technology is dependent upon factors such as national policies, types and amounts of waste, and the rate at which waste is generated.
There are three proposals that a country may choose to carry out radioactive waste management: introducing repository within a few years; introducing repository around 10 years; and introducing repository after 20 years of commercial operation. The advantages and drawbacks of the three proposals for radioactive waste management are highlighted below.
SELECTION OF REPOSITORY DISPOSAL FACILITY
This section provides some possible repository disposal facilities for low-and intermediate-level radioactive waste that are being practiced or that are being planned to be used in the future by different IAEA Member States.
The choice of a preferred disposal option is dependent upon safety level, national and international guidance, availability of resources, credit in prolonged institutional control, inventory of different waste categories, availability of sites, construction technology, public perception, and cost.
According to the IAEA, there are two major options for the disposal of LILW that are currently employed and planned by IAEA Member States: near surface facilities and geological repositories. Near-surface disposal is a proven and mature technology that finds application in many countries of the world. For the case of Kenya, only a near-surface disposal facility is discussed in this study.
Near-surface disposal facilities are currently in operation in many IAEA Member States such as the UK (Drigg), Spain (El Cabril), France (Center de l'Aube), Japan (Rokkasho-Mura), and USA (Barnwell, Richland, Clive). 62% of LILW repositories are engineered nearsurface facilities (vaults), 18% are simplified near-surface facilities (trenches), and 7% mined cavities (caverns) [6] .
Trenches are a near-surface disposal option that is generally applied to LILW-SL and LILW-LL with very low activity. The trenches can be located above the groundwater level or within the saturated zone. This facility becomes cost effective when disposing of large volumes of wastes and large items of decommissioning waste.
Trenches near surface facilities are normally 20 -30 feet deep and 100 feet wide. Materials such as sand, gravel, and stone are laid on the bottom of the trench to facilitate a free drainage system and to provide a dry foundation for the waste containers. The trenches have drain systems equipped with monitoring devices to detect water that has seeped into the trenches and any radionuclides that may have escaped from their containers into the water.
Disposal in trenches is suitable in areas with low rainfall and deep groundwater level such as arid areas and engineered barriers and designs are employed to minimize plant and animal intrusion. The concept provides long-term safety because of engineered barriers, natural site conditions, and suitable waste form. However, the post-closure control period must be sufficiently long to reduce the potential risk to acceptable levels. This concept finds applications in the USA and RSA.
Vaults incorporate multiple barriers and drainage systems to limit migration of radionuclides from the repository and to control water ingress. They are lined with reinforced concrete to provide a robust structure and improve isolation of waste. This concept can be employed both above and below ground level [7] .
Vaults require backfilling, and a low permeable capping system is placed over the backfilled area to minimize water ingress and prevent intrusion by plants and animals. This concept is suitable for a broader spectrum of wastes and is utilized in France, the UK, Spain, Japan, and India [6] . Above ground vaults are built using reinforced concrete. The buildings are kept open both during and after placement of the waste. The facility is sealed with a clay cover. It requires monitoring for a considerable time to ensure that it poses no risk to health. It is easy to construct, but more exposed to humans.
Below ground Vaults are constructed using reinforced concrete, and the floors are sloped for water drainage. During operation the vaults are kept open, protected by a temporary roof, and are subjected to continual surveillance and maintenance after sealing to ensure that it poses no risk to health and the environment. Near-surface caverns are a form of excavated cavities where the distance below ground level is adequate to eliminate potential intrusion by plants, animals, and humans. The concept may incorporate a number of engineered safety barriers to eliminate migration of radionuclides from the repository.
Caverns cover a broader spectrum of radioactive wastes including higher proportions of long-lived wastes and are more secure against intrusion by plants, animals, and humans. However, they require more expensive barrier systems to prevent waste ingress.
Caverns below ground level have found applications in Sweden (SRF repository for short-lived radioactive waste at about 50 m) and Finland (Olkiluoto & Loviisa power stations at about 100 m), Czech Republic, France, Japan, Netherlands, Spain, UK, USA, Sweden, Finland, and Norway.
Based on the analysis of the three types of near-surface disposal facilities, merits and demerits of each facility are presented herein.
DISCUSSION
The present study has established a radioactive waste disposal facility for Kenya by considering already existing waste arising available in Korea. The analysis of radioactive waste facility considered introducing the repository program around 10 years after introducing nuclear program.
The best way is to store LILW temporarily within NPPs sites pending construction of final disposal facility. Introducing repository program within a few years of nuclear programs depends on the availability of funds, and during that time the radioactivity levels of wastes 
46

Merits of trenches
Demerits of trenches are still high and may impart high radiation doses to workers during transport. When the storage period becomes very long, there must be a financial commitment in regard to radioactive waste management cost. Long term on-site storage is not a good option because it requires repackaging of waste drums before sending to repository.
Introducing repository program within around 10 years of commercial operation of nuclear power program has many merits as compared to introducing repository program far much later or having repository program running within a few years.
The provision of long term trench disposal coupled with cost effectiveness makes it suitable for deployment. The large tracks of desert land in the northern part of Kenya ensure that the water table is much below underground thus making trench near-surface disposal facility conducive. Trench facility is also cheap and simple to construct, and has a good drainage system as compared to vault and cavern. Therefore, trench near surface disposal facility is the best choice for Kenya.
CONCLUSION
The proposed Kenyan nuclear power programme will generate operational wastes during plant maintenance such as spent resins, spent filters, combustible and noncombustible dry active waste (DAW) and borated liquid waste concentrate.
Estimated radioactive waste arising from the operational phase of APR 1400 together with actual waste arising from Kori site has been assessed and projected waste arising expected from the Kenyan nuclear power programme established.
The best strategy is to store the LILW and spent fuel temporarily within reactor sites pending construction of a final disposal facility. The repository facility should be introduced around 10 years of reactor operation. Research & development on volume reduction technology and conceptual design of disposal facility of LILW should be pursued.
The implementation of improved waste treatment procedures and equipment at nuclear power plants can enable the operator to reduce annual waste generation from 175 drums per reactor year to a much lesser value.
